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 Nanocrystalline N-TiO2 and N,F-TiO2 were prepared by sol-gel method as 

photocatalysts of more sensitivity in the visible region. The prepared photocatalysts 
were characterized by X-ray diffraction (XRD), high resolution transmission electron 

microscopy (HR-TEM), scanning electron microscopy (SEM), energy-dispersive X-ray 

spectroscopy (EDS), Brunauer–Emmett–Teller (BET) surface area, UV-Vis diffused 
reflectance spectra (DRS) and Raman spectroscopy. The characterization results show 

that both nitrogen and nitrogen-fluorine were successfully doped and enhanced the 

absorption in the visible region. Spectrophotometric evaluation of photocatalytic 
activity of the doped photocatalysts by oxidative degradation of phthalocyanine star 

polymer revealed that the doped photocatalysts show higher photocatalytic activity than 

bare TiO2 prepared by the same procedures in the absence of dopants. The excellent 
photoactivity of N,F−TiO2 in the visible region recommend it as a potential 

photocatalyst for many photosynthetic purposes.  
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INTRODUCTION 

 

Titanium dioxide, as a cheap, nontoxic, and 

highly efficient photocatalyst, has been extensively 

applied for degradation of organic pollutants, for air 

purification, as a deodorant, for sterilization, and as a 

demister (Linsebigler et al., 1995). However, 

because of the wide band gap of titanium dioxide, 

only a small UV fraction of solar light (3-5%) can be 

utilized. Therefore, the most important and 

challenging issue is to develop efficient visible light 

sensitive photocatalysts by the modification of 

titanium dioxide. In the last years, anion doping of 

TiO2 films and powders with elements like nitrogen 

(Gole et al., 2004 and Batzill et al., 2006), sulfur 

(Ohno et al., 2004 and Umebayashi et al., 2002), 

carbon (Tashikawa et al., 2004 and Hattori et al. 

1999) and fluorine (Li et al., 2005 and Haneda et al. 

2005) have been investigated in order a red shift of 

the absorbance to be achieved. Narrowing of the 

band gap of TiO2 upon doping was often considered 

responsible for the enhanced visible light activity of 

these materials. Also, phosphate titania displayed an 

enhanced photocatalytic activity as evidenced 

through a study of the decomposition of fluorescein 

under UV light excitation (Goswami et al., 2012). In 

this paper, we report a new method for preparation of 

nitrogen and nitrogen-fluorine codoped TiO2 as 

photocatalysts of higher specific surface area and 

enhanced absorption in the visible region.  

 

MATERIALS AND METHODS 

 

Chemicals: 

Tetrabutyl orthotitanate [Titanium(IV)butoxide] 

reagent grade, extra pure urea 98%, 4-

nitrophthalonitrile and ultra bio PEO10,000 flakes 

(FLUKA) were  purchased from Sigma-Aldrich, 

Germany. Ammonium fluoride 98% and 

poly(ethylene glycol) methyl ether (mPEG; weight 

average molar mass = 500 g mol
-1

) were products of 

ACROS ORGANICS, Belgium. Tri-fluoro acetic 

acid was a product of Reidel de-Haaen, Germany. 

Anhydrous potassium carbonate K2CO3 were 

purchased from WINLAB UK. Anhydrous ZnCl2 

was purchased from MOLYCHEM, India. Quinoline 

was purchased from S.D. Fine-Chem Ltd., Mumbai, 

India dried over calcium hydride and purified by 

double distillation under reduced pressure.   

Characterization: 

Ground state electronic absorption spectra were 

recorded at room temperature in the range from 200-
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1200 nm using a computerized recording on Cary 

300 spectrophotometer, Agilent Technologies. X-ray 

diffraction (XRD) data were collected on a 

PANalytical EMPYREAN diffractometer (Holland) 

with operating voltage of 45 kV using CuKα as a 

radiation source. Diffraction patterns were recorded 

in the angular range of 10-80 with a step width of 

0.02 Sec. The morphological structure was studied 

using field emission scanning electron microscopy 

using FE-SEM JEOL Instrument, JXA–840 A. 

Energy dispersive X-ray spectroscopy (EDS) was 

done on an INCAx–Sight (Oxford Instruments). 

Transmission electron microscope images were 

recorded using a JEM-2100, Jeol electron 

microscope. Raman spectra were recorded on a 

Vertex 70 A FT-IR / FT- Raman, Bruker Optik, 

Deutschland. Diffuse reflectance spectra (DRS) were 

recorded on a UV-Visible-NIR spectrophotometer, 

Jasco V-570 in the range 800-190 nm equipped with 

an integrating sphere and using powdered BaSO4 as a 

reference. Specific surface area of the prepared 

photocatalysts were calculated using BET equation 

and the data were collected by a Quantachrome 

NOVA automated Gas sorption system. 

Determination of zinc content in ZnPc star polymer 

was achieved using a double beam flame atomic 

absorption, Agilent 240FS equipped with cross flow 

nebulizer after decomposition of the samples by 

heating in nitric acid till bleaching of the dye. 

 

Preparation of doped photocatalysts: 

Nanocrystalline doped TiO2 were prepared by 

sol–gel method (Ohno et al., 2004 and Cong et al., 

2007) Tetraethylorthotitanate Ti(C2H5O)4 (TEOT) 

was used as titanium source. Urea CO(NH2)2 and 

ammonium fluoride (NH4F)  in atomic ratios (N/Ti , 

N,F/Ti = 10/90) were used as (nitrogen and nitrogen 

& fluorine)  sources   respectively. The calculated 

amounts of urea and ammonium fluoride were 

dissolved in deionized water under stirring at room 

temperature and TEOT (TEOT/H2O = 1/18) was 

added dropwise under the effect of magnetic stirring. 

The resultant mixture was stirred at room 

temperature for 2 hours and then transferred into a 

Teflon-lined stainless steel autoclave of 100 ml 

capacity. The autoclave was kept for 16 hour at 150 
o
C for crystallization. The precipitate gained was 

washed by deionized water, dried at 100 
o
C for 24 h 

and finally calcined at 400 
o
C in a muffle furnace for 

2 h.  For comparison, the undoped TiO2 was prepared 

by the similar method in the absence of urea and 

ammonium fluoride. 

 

Preparation of water soluble phthalocyanine star 

polymer: 

Firstly, 4-(ω-

methoxypolyethyleneoxy)phthalonitrile [4-mPEG500–

Ph(CN)2] 2 was initially prepared according literature 

procedures (Mineo et al., 2012) with slight 

modification. In brief, a mixture of 4-

nitrophthalonitrile 1 (6.19 g, 30.0 mmol), mPEG500 

(20 g, 40.0 mmol) and K2CO3 (7.31 g, 53.0 mmol) 

and 60 ml of dry dimethyl sulfoxide were heated 

under argon atmosphere at 80 
o
C for 8 h. After 

cooling, the reaction mixture was poured in 50 ml of 

water. The product was extracted with ethyl ether. 

The organic phase was dried over anhydrous sodium 

sulfate and ether was evaporated under reduced 

pressure. Pure 4-mPEG500–Ph(CN)2 2 was then 

obtained by preparative TLC using silica gel as 

stationary phase and CH2Cl2 as eluent (viscous 

golden liquid, yield = 60%). Zinc phthalocyanine star 

polymer 3 was prepared by a modified procedure to 

literature (Mineo et al., 2012). Thus, a solution of 2 

(0.63 g, 1.0 mmol) and anhydrous ZnCl2 (0.11 g, 0.5 

mmol) in 2 ml of dry quinoline was heated under 

argon at 180 
o
C for 2 h. The dark crude product, 

obtained by the removal of quinoline under reduced 

pressure, was dissolved in methanol and the pure 

product 3 was isolated using preparative TLC using 

silica gel as the stationary phase and a 

CHCl3/MeOH/Triethylamine (98:1:1) mixture as the 

eluent. The final product was a tetra(ω-

methoxypolyethylenoxy)–zinc–phthalocyanine 

isomer mixture 3 (deep green color, yield = 10%). 

The structure of polymer 3 was confirmed by atomic 

absorption spectroscopy (AAS) of Zn
2+

 content 

(cal./found=2.54/2.61). UV-vis (λmax)H2O/nm: 685, 

640, 341) and this absorption profile match well with 

the previously reported analogues for copper 

phthalocyanine star polymer with mPEG350 (Mineo et 

al., 2012). 

 

Assessment of the photocatalytic activity: 

The photocatalytic experiments were carried out 

using a PHOCAT 120 W photoreactor. Aqueous 

dispersion of 50 ml volume containing diluted 

solution (4x10
-7

 mol L
−1

) of phthalocyanine dye 3 

and 5 mg of TiO2 was sonicated for 5 minutes. 

Afterwards, the dispersion was poured into a home-

made Pyrex vessel of a water circulating Pyrex glass 

jacket. Irradiations were carried out in a simple 

photoreactor using three visible lamps (Xenon Arc 

lamp) with total power of 24 W. The dispersions 

were kept under constant air bubbling with the help 

of air pump during irradiation to keep the 

temperature at room temperature during the 

irradiation.  The experiments were done using 

unbuffered water. IR radiation and short wavelength 

UV radiation were eliminated by the circulating 

water and Pyrex respectively. At intervals of 5 min, 3 

ml aliquots of reaction mixture were withdrawn and 

analyzed by recording variations of absorption 

spectra (500-800 nm). The absorbance values at the 

Q-band maxima (640 nm) were observed. The rate of 

decomposition of the dye can thus be determined 

from the absorbance vs. time plots. A similar 

photolysis set-up described above for singlet oxygen 

detection was used for the photodegradation 

experiments (Goswami et al., 2012). The intensity of 
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the light reaching the reaction vessel was measured 

with a powermeter (POWER MAX 5100 

Molelectron Detector Inc.) and found to be 1.3x10
16

 

photons cm
−2

 s
−1

.  

 

RESULTS AND DISCUSSION 

 

XRD analysis: 

Previous studies have demonstrated the presence 

of fluorine anion in the crystallization process of 

TiO2 improves the anatase crystallinity upon F-

doping (Todorova et al., 2008). X-ray diffraction 

(XRD) patterns of all of the prepared TiO2 (bare 

TiO2), N-TiO2 and N,F-TiO2 samples calcined at 400 

- 450 °C are shown in Fig. 1.  According to JCPDS 

data (84-1286), all of the samples consist of anatase 

as a unique phase. The main characteristic peaks of 

all samples positioned at 2θ=25.31º, 37.71°, 48.01º 

and 54.32º are assigned to (101), (004), (200) and 

(105) planes of anatase-TiO2, respectively (Menga et 

al., 2013). No diffraction peaks of Ti–N or Ti-F 

compounds could be observed in XRD patterns of 

the prepared photocatalysts. This may be attributed 

to the small amounts of the doped nitrogen and 

fluorine. For N,F-TiO2, the main (101) anatase peak 

shifts to lower 2θ values, resulting in a decrease in 

particle size and an increase in the d spacing. 

  

 
Fig. 1: XRD patterns of   (a) bare TiO2, (b) N-TiO2, (c) N,F-TiO2 

 

After hydrothermal treatment for 15 h, the peaks 

at 2θ = 25.28º, 37.80 º, 48.05º, 53.89º, 55.06º, 62.69º 

(Ref. No. 00-021-1272), which all belong to 

anataseTiO2, appear in the XRD pattern (Shi et al., 

2014).
  
The weak peaks appear in the XRD pattern of 

N-TiO2 and N,F-TiO2 at 2θ = 36.64◦, 42.57◦are 

attributed to (1 1 1) and (0 0 2) planes of cubic TiN, 

respectively (Ref. No. 03-065-0715) and this 

suggests doping of  nitrogen in the substitutional 

position into the TiO2 lattice (Menga et al., 2013).  

We observed that there is no shift in the XRD peak 

positions caused by the N,F codoping. This can be 

understood for the doped fluorine atom since its ion 

radius (0.133 nm) is very close to that of the 

substituted oxygen atom (0.132 nm) (Balek et al., 

2007). 

 

HR-TEM analysis: 

High resolution transmission electron 

microscope images at two different regions are 

shown in Figs. 2a-d. It is found that N-TiO2 is rough 

and irregularly agglomerated particles. However, 

N,F-TiO2 consists of solid microspheres with 

relatively smooth surface. Their diameters are in the 

range of thirty nanometers to several hundred 

nanometers. The crystal sizes of TiO2, N-TiO2 and 

N,F-TiO2 are 13.5, 13.3, and 12.9 nm, respectively. 

Compared to bare (undoped) TiO2, the crystallize 

size of N-TiO2 and N,F-TiO2  slightly decreases that  

indicated that non-metal inorganic doping could 

slightly restrain the crystal growth of TiO2 crystallite. 

These observations are similar to the previous studies 

done on TiO2 photocatalysts (Selvam et al., 2012).
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Fig. 2: HR-TEM analysis: images at different regions (A and B of N-TiO2; C and D of N,F-TiO2). 

 

FE-SEM study: 

The surface morphology of N-TiO2 and N,F-

TiO2 was studied by field emission scanning electron 

microscopy and the micrographs are given in Figs 

3a-b. The sample which appeared is agglomeration 

of smaller spherical uniform particles. Uniformity in 

particles implies uniformity in surface treatment. The 

size of particles of N,F-TiO2 (Fig. 3b) decreased and 

their monodispersity increased. The average particle 

size of N-TiO2 is ~0.48 μm and that of N,F-TiO2 is 

~0.29 μm. The average particle size of N,F-TiO2 is 

smaller than N-TiO2 as evidenced from the FE-SEM 

images. These results are similar to those obtained 

for other doped titania photocatalysts (Goswami
 
et 

al., 2012).  

 

  
 

Fig. 3: FE-SEM images of (a) N-TiO2 and (b) N,F-TiO2). 

 

BET surface area analysis: 

The surface area of a catalyst is a predominant 

factor in its photocatalytic efficiency. The specific 

surface area of the prepared nanostructured N-TiO2 

and N,F-TiO2 are ~120 and 135  m
2
 g

-1
 respectively. 

These results are very close to the surface area of 134 

m g
-1

 previously reported for N-TiO2 prepared by 

another method (Menga et al., 2013).  

 

Raman spectra: 



109                                                                 Wael M. Darwish, et al, 2015 

Advances in Natural and Applied Sciences, 9(12) August 2015, Pages: 105-115 

As shown in Fig. 4, the Raman spectra of 

calcined samples of bare TiO2, N-TiO2 and N,F-TiO2 

confirmed that all prepared photocatalysts are present 

in pure anatase phase. This can be evidenced from 

the presence of the principle peaks around ~143 

(Eg(1)), 197 (Eg(2)), 399 (B1g(1)), 515 (A1g, B1g(2)) and 

639 cm
−1

(Eg(3)) (Goswami
 
et al., 2012). 
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Fig. 4: Raman spectra of the prepared photocatalysts. 

 

EDS analysis: 

The dopants concentration in the prepared 

photocatalysts was determined using energy-

dispersive X-ray spectroscopy (EDS) (Figs. 5 and 

Table 1).  The peaks due to N and F are observed in 

all samples.  Calcined N-TiO2 at 450 
o
C does contain 

about 11.35 % of N. Calcined N,F-TiO2 does contain 

a less nitrogen content (6.28 %) and about 0.73 % F. 

No impurities were observed in the samples. The 

EDS results also indicate an almost uniform 

distribution of N and F ions between the particles. 

The intense peak is assigned to TiO2 in the bulk form 

and the less intense peak is assigned to TiO2 surface 

(Nagaveni et al., 2004). 

   

 

 
 

Fig. 5: EDS spectra of N-TiO2 (top) and N,F-TiO2 (bottom). 
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Table 1: Results of EDS analysis of the prepared N-TiO2 and N,F-TiO2 

Element (%) 

Photocatalyst 

Ti O N F 

N-TiO2 47.88 40.77 11.36 ---- 

N,F-TiO2 63.24 25.33 10.13 1.30 

 

Diffuse reflectance spectra: 

Fig. 6 shows UV−VIS-NIR diffused spectra of 

the prepared photocatalysts. The spectra show an 

extension of light absorption into the visible region 

of spectrum for both N-TiO2 and N,F-TiO2 compared 

to undoped TiO2. This extension is more observed in 

N,F-TiO2 and contributes to the major part of the 

enhanced photocatalytic activity of N,F-TiO2. Bare 

TiO2 shows the expected band-to-band absorption at 

409 nm (Goswami
 

et al., 2012). The optical 

absorption edge of N-TiO2 shows a blue shifted 

absorption at 393 nm which is also observed for 

phosphate TiO2 (Goswami
 
et al., 2012).  However, 

N,F-TiO2 shows a red shifted absorption edge at 415 

nm. The adsorption edges were determined from the 

onset of diffuse reflectance spectra of the samples. 

The bandgap of the samples was determined by the 

equation reported by Regan and Gratzel (Eg = 

1,239·8/λ), where Eg the bandgap energy (eV) and λ 

(nm) the wavelength of absorption edges in the 

spectra. Thus, the bandgap of undoped TiO2 is 3.03 

eV, while for N-TiO2 and N,F-TiO2  are 3.11 and 

2.98 eV respectively. The band gab becomes narrow 

in N,F-TiO2.  A comparison of the morphological 

properties of the photocatalysts prepared in this work 

and the analogues prepared via different methods is 

given in Table 2. 

  

 
 

Fig. 6: Diffuse reflectance spectra of N-TiO2 and N,F-TiO2. 

 
Table 2: Comparison between the characteristics of N-TiO2 and N,F-TiO2 prepared via different methods 

(Preparation method) 

 

Surface Area 

(BET) m2 g-1 

crystal Size 

(nm) 

Crystalinity Reference 

1- Hydrolysis of titanium (IV) iso-
propoxide with NH4Cl or NH4F aqueous 

solutions. 

2- Calcinations in air at 497 oC for 1 hr. 

90 - 120 not given All samples show anatase 
structure except for some 

samples which show a small , 

but however negligible, fraction 
of brookite polymorph. 

(Livraghi  et 
al., 2009)  

1.  Sol-gel formation  using Ti(OBu)4 

2. Gel was  dried at 105°C and then rubbing  

3.  Calcinations of dry gel at 400-700°C 
(3h). 

not given 13.2 - 44.4 For NFTO, calcination lower 

than 600 affords only anatase.* 

(Li et al., 

2011) 

1. Spray pyrolysis using a mixed solution of 

TiCl4 and NH4F. 
2. Ceramic tube furnace (700-1000 oC). 

29.1 - 46.3 15 - 18 Anatase but Rutile phase appears 

at temp.= 1100 oC. 

(Shi et al., 

2014)  

1. Mechanical  mixing of TiO2 with urea 

and NH4F. 

2.  Heating to 500 oC (2 h)  

96.73 33.5 All samples show high 

crystalline anatase structure  

(Li et al., 

2015)  

1. TiO2 powder and NH4F were added into 

the ethanol /water. 

2. Calcinations (400-600  oC ) (3 h)  

57 25 – 31 N,F samples  show anatase 

structure 

(Khalizadeh  

et al., 2014)  

1. Ethanol–water solvothermal method. 
2. Calcinations at 450 oC (3 h) 

 

51 15 – 19 N,F samples  show anatase 
structure 

(Yang  et al., 
2013)  

Gel-Hydrothermal method 120 (N-doped) 12.9 - 13.5 All samples show Anatase This work 
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1. Gel preparation from  Ti(OBu)4, NH4F 

and Urea at RT 

2. Hydrothermal treatment using autoclave 

at 150 oC (16 h) for crystallization) 

3. Drying at 100 oC (24 h) 

135 (N,F-doped) structure. The main (101) 

Anatase peak shifts to lower 2-

theta values resulting in a 

decrease in particle size. 

* F-doping probably inhibited the formation of rutile phase of TiO2. Phase transition of TiO2 from Anatase to Rutile was inhibited by 
the addition of Ti4+ complexing ions. 
 

Preparation of phthalocyanine polymer: 

Studying the degradation of dyes, such as 

methylene blue  under visible or UV light excitation 

can be used to evaluate the photocatalytic activity of 

modified TiO2 photocatalysts (Muhler
 
 et al., 2012).  

Phthalocyanines (Pcs) are well-known textile dyes 

used to produce blue and green shades (Silva etal., 

2012). It is important to remove phthalocyanine dyes 

from textile wastewater prior to its discharge or reuse 

since many of these dyes present acute or chronic 

toxicity on the ecosystems (Dallago et al., 2005). 

However, removal of Pc dyes from textile 

wastewater is a difficult task because of their color 

fastness, stability, and resistance towards oxidative 

degradation. In addition phthalocyanine dyes are 

water-soluble, resistant to bacterial degradation, and 

are not effectively removed by adsorption to the 

biomass in wastewater treatment plants, resulting in 

colored effluents (Mathews et al. 2009). Attempts 

have been done for removal of phthalocyanines dyes 

in aqueous solution by peroxidase which is supposed 

to catalyze degradation/transformation of aromatic 

dyes either by precipitation or by opening the 

aromatic ring structure (Hussain, 2009).  Also, the 

decolorization of Pc dye RB21 (Reactive Blue 21) by 

Horsehadish peroxidase was approximately 59% 

(Souza et al., 2007). Ultrasonically induced 

degradation of Pc dyes has been also studied. Despite 

the dye degradation have been mostly assessed in 

these studies by measurement of the loss of color of 

the sample (Abdelsalam et al., 2002), Banks et al., 

2004) studied the ultrasonically induced degradation 

of some water soluble Pcs by monitoring the 

absorbance vs. the sonication time. Irradiation of a 

phthalocyanine/TiO2 system was reported to involve 

an electron transfer to molecular oxygen producing 

reactive oxygen species (ShuLian et al., 2011). 

Phthalocyanines (Pcs) display three strong 

absorptions, the first absorption in UV region (λmax ~ 

350 nm) (B-band), the second one Q(1.0) band 

absorption ~ 640, and the third one Q(0.0) band in the 

far red region of spectrum (λmax ~ 670 nm) (Hanack 

et al., 1998). The absorption intensity of the Q-band 

is regularly reduced with decreasing the dye 

concentration obeying the Beer-Lambert law over a 

wide range of molar concentrations. Thus, the 

reduction of the Q-band intensity is a sensitive 

measure for dye concentration and has been 

extensively used in optical sensing applications 

(Zhuo et al., 2004 and Amao et al., 2000). In this 

work, we prepared a water soluble 

zinc(II)phthalocyanine star polymer 3. This dye was 

found to obey Beer-Lambert law over the 

concentration range of (5x10
-5

-1x10
-7

 mol L
-1

). 

Therefore, the photocatalytic activity of the prepared 

TiO2 materials can be evaluated by monitoring the 

decrease in the dye concentration , expressed as the 

Q(1.0) band absorption ~ 640 nm, as a result of 

oxidative degradation of dye by TiO2 photocatalysts.

  

 
 

Scheme 1: Synthesis of star polymer 3. Conditions: (i) mPEG500, K2CO3, dmso. (ii) ZnCl2, quinoline, 180 
o
C. 

 

Determination of the photocatalytic activity in 

aqueous phase degradation of phthalocyanine 

polymer: 

The photocatalytic activity of the prepared 

doped nanostructured N-TiO2 and N,F-TiO2 catalysts 

was evaluated by photocatalytic degradation 

decolorization of phthalocyanine polymer 3 aqueous 
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solution. Highly diluted dispersion of TiO2 was used 

to minimize the effect of light scattering in the 

absorption spectra of powder samples of inorganic 

semiconductors dispersed in liquid media (Morales et 

al., 2007). Polyethylene oxide PEO10,000 was added to 

reduce the aggregation of the phthalocyanine dye and 

consequently enhance their absorption in aqueous 

medium (Ng 2003). In the regions where the Beer-

Lambert law is valid, the concentration of 

phthalocyanine dye is proportional to absorbance 

(Fig. 7). With the assumption that Beer-Lambert law 

was obeyed, the graph of absorbance against time is 

equivalent to the graph of concentration against time 

and the latter was plotted as shown in Fig. 10. The 

rate of degradation of the dye can thus be observed 

from the concentration vs. time plots. 

 

 
Fig. 7: Calibration curve of phthalocyanine polymer 3 in water (molar conc. vs. absorbance at λmax = 640 nm). 

 
Fig. 8: Electronic absorption spectral changes of 4x10

-7
 mol L

−1
 phthalocyanine 3 during visible light 

photocatalysis using 5 mg of N-TiO2. The experiments were done using unbuffered water and the 

spectra were recorded at 5 minute intervals. 

 
Fig. 9: Electronic absorption spectral changes of 4x10

-7
 mol L

−1
 phthalocyanine 3 during visible light 

photocatalysis using 5 mg of N,F-TiO2. The experiments were done using unbuffered water and the 

spectra were recorded at 5 minute intervals. 
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Fig. 10: Comparison of photocatalytic activities of bare TiO2, N-TiO2 and N,F-TiO2.  

 

Figure 10 shows a comparison of photocatalytic 

activities of bare TiO2, N-TiO2 and N,F-TiO2 for the 

photocatalytic degradation of phthalocyanine 

aqueous solution at ambient temperature; Ct and Co 

denote the reaction and initial concentration of the 

phthalocyanine dye in the system, respectively. The 

incorporation of nitrogen or nitrogen and fluorine 

stabilizes the titania in the anatase phase and 

enhances the absorption in the visible region and as a 

result a remarkably higher photocatalytic activity is 

observed. The band gab becomes narrow in N,F-TiO2 

and BET surface area increases whereas the 

crystalline size decreases. These are the main 

characteristics observed for potential doped TiO2 

photocatlysts (Yamazaki et al., 2012). The 

mechanism for the photocatalytic oxidative 

degradation of phthalocyanine dye by the prepared 

photocatalysts is believed to be the same suggested 

for other similar reactions that are initiated by OH 

radicals which are formed in presence of oxygen. 

However, it is noteworthy to mention that the 

formation rate of OH radicals is an important factor 

influencing photocatalytic activity, but is not the only 

factor. Some other factors such as specific surface 

areas, pore structures, crystallinity and the dopant 

concentration also have a great influence on 

photoactivity (Cheng et al., 2010). 

 

Conclusions And Future Outlook: 

We reported on a new method for preparation of 

N-TiO2 and N,F−TiO2. The single phase property of 

the formed anatase TiO2 was revealed using TEM, 

EDS measurements. Doping of nitrogen and 

nitrogen&fluorine into nanocrystalline TiO2 results 

in an extension of its light absorption into the visible 

region. The highly enhanced photocatalytic activity 

of N,F-TiO2 can be attributed to its higher specific 

area, red shifted optical absorption edge and lower 

optical bandgap compared to both undoped TiO2 and 

N-TiO2. The excellent photoactivity of N,F−TiO2 

compared with N- TiO2 could be explained by 

cooperation effect between nitrogen and fluorine 

species on increasing the photosensitivity in the 

visible region. Thus, N,F−TiO2 is a cheap but a 

promising photocatalyst for many catalytic 

applications. The mechanism of the photocatalytic 

degradation of the phthalocyanine dye by the 

prepared photocatalysts needs further investigations. 

Band gab calculations of both ZnPc and the doped-

TiO2 photocatalysts would identify the possible 

electron and/or energy transfer processes in this 

system. Previous studies suggested an electron 

transfer to molecular oxygen producing reactive 

oxygen species. In general it becomes very important 

to assess the degradation products in order to test out 

the feasibility of the technique. In an ongoing work, 

we try to achieve that by extraction of the aqueous 

phase with chloroform and analyzing both the 

aqueous and organic phases using GC-MS, HPLC-

MS and atomic absorption spectroscopy AAS. These 

detailed investigations are ongoing in our group and 

the results will be published in due course. 

 

Abbreviations: 
XRD X-ray Diffraction 

TEM Transmission Electron Microscopy 

FE-SEM Field Emission Scanning Electron Microscopy 

EDS Energy-Dispersive X-ray Spectroscopy 

DRS Diffused Reflectance Spectra 

UV-Vis-NIR Ultraviolet Visible Near Infrared 

BET Brunauer–Emmett–Teller 
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mPEG500 Poly(ethylene glycol) monomethyl ether (500 g mol-1) 

ZnPc Zinc Phthalocyanine 

Eg Energy Bandgap 

PEO10,000 Poly(ethylene oxide) (10,000 g mol-1) 
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